Abstract
Materials and Methods

134
The pQE2-TbHsp70 expression vector 135 The codon optimized coding sequence for expression of TbHsp70 (TriTrypDB accession TbHsp70.4 were harvested by centrifugation (10 000 g; 15 min; 4 ºC) and the cell pellet was 6 149 resuspended in lysis buffer (100 mM Tris-HCl, pH 7.5, 300 mM NaCl, 20 mM imidazole, 1 150 mM PMSF, 1 mg/ml lysozyme), allowed to stand for 30 min at room temperature and then 151 frozen at -80°C overnight. The cells were then thawed on ice and sonicated at 4°C. The 152 resulting lysate was cleared by centrifugation (13 000 g, 40 min, 4°C) and the supernatant was 153 incubated with cOmplete His-tag purification resin (Roche, Germany) and allowed to bind 154 overnight at 4°C with gentle agitation. The resin was then pelleted by centrifugation (4500 g; 155 4 min) to remove unbound proteins and washed three times using native wash buffer (100 mM
156
Tris-HCl, pH 7.5, 300 mM NaCl, 50 mM imidazole, 1 mM PMSF) to remove non-specific 157 contaminants. The bound protein was eluted three times by re-suspending the resin in elution 158 buffer (10 mM Tris-HCl, pH 7.5, 300 mM NaCl, 750 mM imidazole). The eluted proteins were 159 extensively dialysed using SnakeSkin dialysis tubing (Pierce-MWCO 10,000; Thermo
160
Scientific, USA) into either dialysis buffer (DB; 10 mM Tris, pH 7.5, 100 mM NaCl, 0.5 mM
161
DTT, 10% (v/v) glycerol, 50 mM KCl, 2 mM MgCl 2 ) or into the appropriate assay buffer for 162 functional studies and then subsequently concentrated against PEG 20000 (Merck, Germany).
163
The protein yield was estimated using the Bradford assay (Sigma-Aldrich, USA) with BSA as 
172
Images we captured using the ChemiDoc Imaging system (Bio-Rad, USA). 
Purification of Tbj2
175
Recombinant N-terminal His-tagged Tbj2 was purified under native conditions from E. coli 176 BL21 (DE3) cells as previously described [27] . Samples were dialysed in DB or into the 177 appropriate assay buffer for functional studies. mercaptoethanol, pH 7.5) in a humidified chamber at 37°C with an atmosphere of 5% CO 2 .
189
Separate 25 ml culture of cells were exposed to heat shock at 42°C for a period of 120 min in (50 mM Tris-HCl pH 7.4, 100 mM NaCl) either alone or in combination with Tbj2. The 214 reaction was then heated at 48 °C for an hour. After incubation, the samples were centrifuged 215 at 13 000 g for 10 minutes to separate the soluble and insoluble fractions. These fractions were 216 analysed using 10% SDS-PAGE, and subsequently quantified using densitometric analysis 217 using the Image Lab v5.1 built 8 (Bio-Rad, USA). A negative control of BSA (0.75 µM) was 218 added to MDH in assay buffer was conducted to illustrate that MDH aggregation suppression 219 was due to the holdase function of the T. brucei molecular chaperones and not simply due to 220 the presence of a second protein in the assay system. As a control, the aggregation of the 221 chaperones was monitored in the assay buffer without MDH. Each assay was conducted in 222 triplicate and three independently purified batches of proteins were used. The β-galactosidase refolding assay 256 Investigation of the ability of the T. brucei Hsp70s to refold chemically denatured β-257 galactosidase alone or in combination with Tbj2 was carried out as previously described [30] .
258
The catalytic hydrolysis activity of the refolded β-galactosidase using 2-Nitrophenyl β-D- Reactions containing 1.6 µM BSA (no molecular chaperones) with native and denatured β- and the His-tagged proteins were successfully purified using nickel affinity chromatography 279 (Fig 1) . Both T. brucei Hsp70 proteins were eluted as species of approximately 71 kDa (Fig   280   1A-B) . However, for TbHsp70.4 protein species of lower molecular weights were also 281 produced in E. coli along with the full-length recombinant protein (Fig 1B) . Anti-TbHsp70.4 282 and anti-His antibodies were both able to recognise the full-length TbHsp70.4 recombinant 283 protein and the lower molecular weight species as confirmed by western analysis (Fig 1B) .
284
These protein species were either N-terminally His-tagged truncated versions of the full-length by nickel affinity chromatography as full-length protein (Fig 1B) . Recombinant Tbj2 was 287 expressed in E. coli BL21 (DE3) cells, and subsequently purified using nickel affinity 288 chromatography as previously described [27] (Fig S1A-B) . to be expressed under normal culture conditions of 37°C (Fig 2A) . The protein expression level 312 of TbHsp70 was up-regulated in response to heat shock, whereas TbHsp70.4 was shown to be 313 slightly down-regulated (Fig 2A-B) . The differences in the protein levels observed for 314 TbHsp70 and TbHsp70.4 for the various treatments were not due to differences in loading, as 315 the levels of actin, the loading control, remained unchanged (Fig 2A, lower panel) . (Fig 3) , both mNG-TbHsp70 and TbHsp70.4 were shown to Hoechst-stained region (Fig 3) . However, it has been demonstrated that the stress inducible for TbHsp70-mNG illustrate punctuated flagellar localisation (Fig 3) . TbHsp70.4-mNG also The Michaelis-Menten plots were generated from three independent batches of TbHsp70 and 396 TbHsp70.4 (Fig 4) . Both TbHsp70 and TbHsp70.4 exhibited intrinsic ATPase activity (Fig 4) , 397 though TbHsp70 was found to have a higher basal ATPase activity than TbHsp70.4 (Table S1) 398 and the reported basal ATPase activity for TbHsp70.c (Table S1 ) [27] . However, the basal
399
ATPase activities for the T. brucei Hsp70s were all found to be higher than those reported for (Table S1 ). (Fig 4) . Tbj2 was shown to moderately stimulate the basal ATPase 427 activities of TbHsp70 and TbHsp704 by approximately 3 orders of magnitude (Fig 4) . Neither
428
Tbj2 nor TbHsp70 and TbHsp70.4 denatured by boiling displayed any ATPase activity (Fig 4) 429 indicating that the increased phosphate release was due to stimulation of the Hsp70 ATPase adapted from [29] . MDH was subjected to heat stress at 48 °C and, as expected, the protein 441 aggregated in the absence of chaperones (Fig 5) . In the presence of BSA, a non-chaperone 442 protein, MDH also aggregated in response to heat stress (Fig S2) . In the absence of MDH, both
443
T. brucei Hsp70s were found to be stable under the assay conditions as no significant of MDH in a dose dependent manner (Fig S2) . Though, TbHsp70 was shown to be more 447 capable at suppressing the aggregation of MDH than TbHsp70.4 (Fig S2) . TbHsp70 was shown 448 to be heat inducible, and thus a more proficient holdase function maybe necessary for effective 449 maintenance of the proteostasis under stressful conditions.
451
The addition of Tbj2 at varying concentrations was also found to suppress the thermal 452 aggregation of MDH (Fig S3) , which is consistent with previous findings [27] . The Type I J- Hsp70 concentration and varying those of the J-protein (Fig 5) . TbHsp70 and TbHsp70.4 (0.25 459 µM) suppressed MDH aggregation suppression by 32% and 28% respectively (Fig 5) . The (Fig 5) . Despite Tbj2 being shown to possess independent 465 chaperone activity (Fig S3) , the modulatory effect of Tbj2 on the holdase activity of the T. 
Hsp70s
, and approximately 50% of the non-native β-galactosidase being refolded (Fig 6) . Hsp70 and/or Tbj2 mixtures. β-galactosidase assays were performed as described [30] . β-503 galactosidase activity was measured using ONPG as a chromogenic substrate. Results are 504 expressed as % β-galactosidase activity of the refolded enzyme in relation to native enzyme.
505
Standard deviations were obtained from three replicate assays on three independent batches of 506 purified protein. 
